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(54) CATALYST FOR CLEANING EXHAUST GAS AND EXHAUST GAS CLEANING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To maintain the NOx cleaning performance at a high level over 
the range of temperatures from high to low by preventing alkali metals from being transpired 
in vapor when exposed to high temperatures. 

SOLUTION: This catalyst for cleaning an exhaust gas absorbs NOx contained in an exhaust 
gas in an oxygen-rich atmosphere and cleans by reducing NOx absorbed at a chemical 
equivalent point or in a reductive atmosphere with the help of a reductive component. In 
addition, the catalyst is composed of a porous carrier and at least, either of Zr or Si and a 
catalytic noble metal carried on the porous carrier and Cs. The content ratio of Zr to Cs is 
0.05-2 in terms of molecular ratio, and that of Si to Cs is 0.003-1 . Since Zr or Si is 
compounded with Cs, the transpiration of Cs in vapor at high temperatures can be prevented 
from occurring. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A catalyst for emission gas purification, wherein it has the following, a zirconium is 
contained 0.05-2 by a mole ratio to an alkaline metal and silicon is contained 0.003-1 by a 
mole ratio to an alkaline metal. 

In hyperoxia atmosphere exceeding a stoichiometric ratio required for an oxygen density in 
exhaust gas to oxidize a reducible component in this exhaust gas, nitrogen oxides in this 
exhaust gas are absorbed. It is a catalyst for emission gas purification which carries out 
reduction purifying of said nitrogen oxides which an oxygen density in this exhaust gas 
absorbed in a chemical equivalent point or a reducing atmosphere which is below said 
stoichiometric ratio by said reducible component, and is a porous carrier 
a zirconium supported by this porous carrier and silicon - at least - on the other hand. 
Catalyst precious metals and an alkaline metal. 

[Claim 2]An exhaust gas purifying method which it has the following, and a zirconium is 
contained 0.05-2 by a mole ratio to an alkaline metal, and is characterized by silicon's 
contacting exhaust gas for a catalyst for emission gas purification included 0.003-1 by a mole 
ratio to an alkaline metal, and carrying out reduction purifying of the nitrogen oxides in this 
exhaust gas. 

In hyperoxia atmosphere exceeding a stoichiometric ratio required for an oxygen density in 
exhaust gas to oxidize a reducible component in this exhaust gas, nitrogen oxides in this 
exhaust gas are absorbed. It is an exhaust gas purifying method which carries out reduction 
purifying of said nitrogen oxides which an oxygen density in this exhaust gas absorbed in a 
chemical equivalent point or a reducing atmosphere which is below said stoichiometric ratio by 
said reducible component, and is a porous carrier. 

a zirconium supported by this porous carrier and silicon - at least - on the other hand. 
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Catalyst precious metals and an alkaline nnetal. 

[Claim 3]The catalyst for emission gas purification according to claim 1, wherein an alkaline 
metal is caesium. 

[Claim 4]The exhaust gas purifying method according to claim 2, wherein an alkaline metal 
contained in a catalyst for emission gas purification is caesium. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention the exhaust gas discharged from an internal-combustion 
engine about the catalyst for emission gas purification and exhaust gas purifying method to 
purify in more detail, The carbon monoxide (CO) contained in the exhaust gas of hyperoxia, 
i.e., exhaust gas, It is related with the catalyst for emission gas purification and exhaust gas 
purifying method which can carry out reduction purifying of the nitrogen oxides (NO^) in the 

exhaust gas containing oxygen more superfluous than the amount of oxygen required to 
oxidize thoroughly reducible components, such as hydrogen (H^) and hydrocarbon (HC), 

efficiently. 
[0002] 

[Description of the Prior Art]The three way component catalyst which performs oxidation of CO 
and HC and reduction of NO^, and purifies exhaust gas as a catalyst for emission gas 

purification of a car conventionally is used. The porous carrier layer which becomes a heat- 
resistant substrate which consists of cordierites etc., for example from gamma-alumina as 
such a three way component catalyst is formed, The thing which made the porous carrier layer 
support catalyst precious metals, such as platinum (Pt), rhodium (Rh), and palladium (Pd), is 
known widely (for example, JP,56-27295,B etc.). 

[0003]On the other hand, carbon dioxide (CO2) in the exhaust gas discharged from internal- 
combustion engines, such as a car, is made into a problem from a viewpoint of earth 
environment protection, and promising ** what is called of the lean burn which carries out lean 
combustion in hyperoxia atmosphere as the solution is carried out in recent years. In this lean 
burn, since the amount of the fuel used is reduced, fuel consumption can improve, and 
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generating of CO^ which is a combustion gas can be controlled. 

[0004]On the other hand, as for the conventional three way component catalyst, an air-fuel 
ratio oxidizes and returns simultaneously CO in the exhaust gas with which the gaseous 
mixture of theoretical air fuel ratio (SUTOIKI) burned, HC, and NO^, It purifies and sufficient 

purification performance is not shown to reduction removal of NO^ under the hyperoxia 

atmosphere of the exhaust gas at the time of lean burn. For this reason, development of the 
catalyst for emission gas purification and exhaust gas purifying system which can purify NO^ 

efficiently under hyperoxia atmosphere is desired. 

[0005]Then, the applicant for this patent has proposed the exhaust gas purifying method using 
the catalyst for emission gas purification which supported the alkaline metal previously 
represented by potassium (K) and sodium (Na) and Pt (JP,6-31139,A). Alkaline metals, such 
as lithium (Li), Na and K, and caesium (Cs), The catalyst for emission gas purification which 
supported at least barium (Ba), and Pt and/or Pd is also proposed ( J P, 6- 142458, A). [ a kind of 
metal chosen from the group of iron (Fe), nickel (nickel), cobalt (Co), and magnesium (Mg), 
and ] 

[0006]According to these catalysts for emission gas purification, nitrogen oxides (NO^) are 

absorbed by what is called NO^ absorbers, such as an alkaline metal, in the hyperoxia 

atmosphere (lean atmosphere) exceeding a stoichiometric ratio required to oxidize the 
reducible component in exhaust gas. That is, it is presumed that alkaline metals are supported 
as an independent oxide, and it is thought that NO is absorbed because it reacts to NO and 

X A 

generates a nitrate. 

[0007]And absorbed NO is emitted when an oxygen density becomes a chemical equivalent 

point (theoretical air fuel ratio: SUTOIKI) or less than it (rich atmosphere), it reacts to reducible 
components contained in exhaust gas, such as HC and CO, and reduction purifying is carried 
out. Therefore, by making periodically into SUTOIKI or a rich side gaseous mixture supplied to 
a lean burn engine, Being able to carry out reduction purifying of the NO absorbed by NO 

A A 

absorber, NO absorber absorbs NO again in the following lean atmosphere. Thereby, the 

X X 

good purification performance of NO is obtained at the Lean side. 
[0008] 

[Problem(s) to be Solved by the lnvention]ln the lean atmosphere of air-fuel ratio (A/F) =18, in 
the above-mentioned gazette, it runs after the durability test of 50 hours, and in the 10-15 
mode with the entering gas temperature of 650 **, and the purifying rate is evaluated in it. In 
this evaluation test, the temperature region where the catalyst for emission gas purification is 
exposed is 250-300 **, and has the purification performance which was excellent when it was 
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this range. 

[0009]However, if highly-efficient-izing of an engine in recent years, tine spread of inighways, 
etc. are taken into consideration, opportunity of the catalyst for emission gas purification which 
is further exposed to an elevated temperature to be 400-500 ** will increase. For this reason, 
the catalyst for emission gas purification is asked for the further high temperature durability. 
Then, invention-in-this-application persons investigated high temperature durability about the 
catalyst for emission gas purification using the alkaline metal as a NO^ absorber. As a result, 

when exposed to an about 900 ** excessive elevated temperature, the alkaline metal 
transpired, and it became clear that NO^ purifying rate falls. 

[0010]This invention is made in view of such a situation, even when exposed to an elevated 
temperature, evapotranspiration of an alkaline metal is prevented, and it aims at maintaining 
NO^ purification performance high from low temperature to an elevated temperature. 

[0011] 

[Means for Solving the Problem]The feature of a catalyst for emission gas purification of this 
invention which solves an aforementioned problem, NO^ in exhaust gas is absorbed in 

hyperoxia atmosphere exceeding a stoichiometric ratio required for an oxygen density in 
exhaust gas to oxidize a reducible component in exhaust gas, Are NO which an oxygen 

A 

density in exhaust gas absorbed in a chemical equivalent point or a reducing atmosphere 
which is below a stoichiometric ratio a catalyst for emission gas purification which carries out 
reduction purifying by a reducible component, and A porous carrier. It is in consisting of at 
least one side, and catalyst precious metals and an alkaline metal of Zr and Si which were 
supported by porous carrier, Zr being contained 0.05-2 by a mole ratio to an alkaline metal, 
and Si being contained 0.003-1 by a mole ratio to an alkaline metal. 

[0012]The feature of an exhaust gas purifying method of this invention absorbs NO^ in exhaust 

gas in hyperoxia atmosphere exceeding a stoichiometric ratio required for an oxygen density in 
exhaust gas to oxidize a reducible component in exhaust gas, Are NO which an oxygen 

density in exhaust gas absorbed in a chemical equivalent point or a reducing atmosphere 
which is below a stoichiometric ratio an exhaust gas purifying method which carries out 
reduction purifying by a reducible component, and A porous carrier. It consists of at least one 
side, and catalyst precious metals and an alkaline metal of Zr and Si which were supported by 
porous carrier, It is in being contained 0.05-2 by a mole ratio to an alkaline metal. Si contacting 
exhaust gas for a catalyst for emission gas purification included 0.003-1 by a mole ratio to an 
alkaline metal, and Zr carrying out reduction purifying of the NO^ in exhaust gas. 

[001 3]A catalyst for emission gas purification of the 3rd invention is characterized by an 
alkaline metal being Cs in a catalyst for emission gas purification of the 1st invention. 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw3=http%3A%2F%2Fwww4.ip... 12/1/2008 



JP,09-085092,A [DETAILED DESCRIPTION] 



Page 4 of 9 



Furthermore, it is characterized by an alkaline metal in which an exhaust gas purifying method 
of the 4th invention is included in a catalyst for emission gas purification in an exhaust gas 
purifying method of the 2nd invention being Cs. 
[0014] 

[Embodiment of the lnvention]ln the catalyst for emission gas purification and exhaust gas 
purifying method of this invention, it is emitted, when NO^ in the exhaust gas of lean 

atmosphere is absorbed by the alkaline metal and becomes a rich atmosphere, and it reacts to 
reducible components, such as HC in exhaust gas, and CO, and reduction purifying is carried 
out. When a porous carrier is made to support by using Cs as an independent oxide here, Cs 
will be separated by being exposed to a not less than 800 ** elevated temperature, and will 
transpire out of a carrier. So, in this invention, compound support of either [ at least ] Zr or Si is 
carried out with the alkaline metal. In this case, it is thought that it exists as a conjugated 
compound with Zr or Si in an elevated temperature, evapotranspiration is prevented, and an 
alkaline metal is stabilized on a carrier, and can continue existing. 

[0015]On the other hand near 300-500 ** the catalysis of catalyst precious metals is done so, 
as for this conjugated compound, associative strength becomes weaker. It is thought that NO^ 

absorption power of an alkaline metal revives by the attack of NO, etc., and there is almost no 
influence of NO^ absorption power on the alkaline metal by existence of Zr or Si. As a porous 

carrier, the heat-resistant inorganic oxide which has the high specific surface area of alumina, 
a titania, silica alumina, zeolite, etc. is mentioned. Since it has high heat resistance and high 
specific surface area, activated alumina is especially preferred. Especially if the shape of this 
porous carrier has the high contacting efficiency of gas and catalyst precious metals, it will not 
be restricted, but it can be made into a pellet type, honeycomb shape, etc. And it may form in 
the shape from the porous carrier itself, and the coat of the porous carrier can be carried out to 
the monolith substrate formed from cordierite, a metal, etc., and it can also be used for it. 
[0016]As catalyst precious metals, Pt, Rh, Pd, etc. can be used as usual. Per 1 I. of porous 
carriers, and in the case of Pt and Pd, 0.1 -10g are preferred, and, as for the holding amount, 1- 
especially 5g are preferred. In the case of Pd, 0.01 5-2g are preferred, and it is preferred. [ of 
0.01 -especially 1g ] It becomes expensive while an effect is saturated, even if good activity will 
not be acquired but it will support exceeding this range, if there are few holding amounts of 
catalyst precious metals than this range. 

[0017]ln order to make a porous carrier support catalyst precious metals, it can be made to 
support it as usual using the impregnating method, an atomizing process, a slurry mixed 
method, etc. using the chloride, nitrate, etc. As an alkaline metal, Li, Na, K, Rb, and Cs are 
mentioned and especially Cs that transpires easily especially at an elevated temperature 
especially is recommended. As for the holding amount of this alkaline metal, it is preferred to 
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consider it as tlie range of 0.01-0.5 mol per I. of porous carrier. If less tlian 0.01 mol / L, even if 
sufficient NO absorption power will not be obtained, but it will be inferior to NO purification 

X X 

performance and it will support exceeding 0.5 mol / L, in order that NO absorption power may 

be saturated and an alkaline metal may cover the surface of catalyst precious metals, catalytic 
activity falls. Especially the range of 0.05-0.3 mol / L is preferred. 

[0018]The holding amount of Zr is set to 0.05-2 by the mole ratio to an alkaline metal. Since 
NO^ absorption power of an alkaline metal will be reduced while an effect is saturated, even if 

the effect which controls evapotranspiration of an alkaline metal is not fully acquired but 
supports exceeding 2 if less than 0.05, it is not desirable. Especially the range of 0,8-1.2 is 
preferred at the mole ratio to an alkaline metal. 

[0019]The holding amount of Si is set to 0.003-1 by the mole ratio to an alkaline metal. Since 
NO^ absorption power of an alkaline metal will be reduced while an effect is saturated, even if 

the effect which controls evapotranspiration of an alkaline metal is not fully acquired but 
supports exceeding 1 if less than 0.003, it is not desirable. Especially the range of 0.008-0.1 is 
preferred at the mole ratio to an alkaline metal. 

[0020]Zr and Si may support either and can also make both live together. Zr and Si of the 
holding amount in the case of making it live together are the same as that of the above- 
mentioned range respectively. The method of supporting Zr and/or Si may be made to support 
with the usual impregnating method, can be made to be able to dissolve with an alkaline metal 
and can also be made to support. 
[0021] 

[Example]Hereafter, an example and a comparative example explain this invention still more 
concretely. A "weight section" is shown unless in particular a "part" refuses in the following 
examples. 

15 copies of aluminium nitrate solution and 30 copies of water were mixed with 100 copies of 
<preparation of catalyst> alumina powder 40% of the weight with 70 copies of alumina sols (10 
% of the weight of alumina content), and the slurry for coating was prepared. 
[0022]After immersing and pulling up the nature honeycomb carrier of cordierite to this slurry, 
the excessive slurry was blown off, and it calcinated at 600 ** after desiccation for 1 hour, and 
the alumina coated layer was formed. The amount of coats is 120g per volume of 1 I. of a 
honeycomb carrier. After having immersed the honeycomb carrier with this alumina coated 
layer in the dinitrodiammine platinum solution, pulling up it and blowing off excessive 
waterdrop, it dried at 250 and Pt was supported. Subsequently, after being immersed in 
nitric acid rhodium solution, pulling up and blowing off excessive waterdrop, it dried at 250 
and Rh was made to support. The holding amount of Pt and Rh is as being shown in Table 1 . 
[0023]Next, the solution of the water soluble compounds of Cs, Zr, and Si was prepared, and 
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the above-mentioned Pt-Rh carrier was immersed, respectively in the mixed solution mixed so 
that it might become a holding amount shown in Table 1, was pulled up to it, excessive 
waterdrop was blown off, it calcinated at 600 ** after desiccation for 1 hour, and nine kinds of 
catalysts shown in Table 1 were prepared. 
[0024] 
[Table 1] 





r t 
(g/L) 


K Xl 

(g/L) 


u s 
(mol/L) 


jL* t 

(lol/L) 


O 1 

(mol/L) 




1 


2 


0. 1 


0. 1 


0.005 








2 


0. 1 


0. 1 


0. 1 


- 




3 


2 


0. 1 


0. 1 


0. 2 


- 




4 


2 


0. 1 


0. 3 




0.0024 




5 


2 


0. 1 


0. 3 




0.0075 


m 


6 


2 


0. 1 


0. 3 




0.012 


jt 


1 


2 


0. 1 


0. 1 


0.001 






2 


2 


0. 1 


0. 1 


0. 5 




m 


3 


2 


0. 1 


0. 3 







Each catalyst performed heat treatment which performs by turns processing to which the 
model gas of lean atmosphere is contacted for 1 minute with the entering gas temperature of 
900 **, and model gas of a rich atmosphere is contacted for 4 minutes for 5 hours using the 
model gas shown in Table 2. 
[0025] 
[Table 2] 





NO 


Ca Hb 


CO/Ha 


O2 


C03 


0 






1530ppm 


1890ppinC 


0.92!K 


o.m 


7.83« 


d% 


mm 




1450ppm 


1770ppiC 


0.08!li 


6. 09% 


7.43X 


3% 


nm 
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Each catalyst after <evaluation test> heat treatment has been arranged to the evaluation 
system, the gas of SUTOIKI atmosphere and the gas of lean atmosphere which are shown in 
Table 3 by gas mass flow 30 L/min were passed by turns for 2 minutes at a time, and NO^ 

purifying rate in case entering gas temperature is 300 **, 400 **, and 500 ** was measured. 
The quantity of Cs in each catalyst after heat treatment was measured, and the survival rate 
over the amount of Cs before heat treatment was measured. The capacity of each catalyst is 
35 cc. A result is shown in Table 4. 
[0026] 
[Table 3] 





NO 


Ca He 


CO/Ba 


Oz 


COz 


Hs O 






Oppm 


2130pplilC 


0.97X 


0.25^ 


1056 


3% 


mm 




560PPD1 


3450ppmC 


0.17!l! 


7.88% 


10!6 


3% 





[0027] 
[Table 4] 
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NO. mm (%) 


(%) 


Zr/Cs 


Si/Cs 


3 0 O'C 


40 O'C 


5 0 ot: 


m 

M 

m 


1 


0.05 




3 1 


44 


3 2 


76. 8 


2 


1.0 




3 5 


4 8 


3 2 


78. 0 


3 


2.00 




34 


4 5 


3 5 


80. 1 


4 




0.008 


3 8 


5 1 


3 6 


76. 2 


5 




0.025 


3 7 


4 8 


34 


80. 5 


6 




0.04 


3 6 


4 8 


3 5 


79. 6 


jt 
m 
m 


1 


0.01 




2 7 


4 1 


2 7 


71. 8 


2 


5.0 




2 0 


3 0 


2 5 


80. 0 


3 






2 7 


4 0 


2 7 


55. 3 



Each example shows high NO^ purifying rate by the low temperature region - a pyrosphere 

compared with the comparative example 3, and excels the <evaluation> table 4 in NO^ 

purification performance. It is clear that this it is an effect by having made Zr or Si coexist with 
Cs. Like the comparative examples 1 and 2, when the holding amount of Zr or Si separates 
from a prescribed range, it also turns out that the above-mentioned effect is not acquired. 
[0028]That is, in the comparative example 3, the survival rate of Cs after heat-treating, since Zr 
and Si are not contained is low. In the comparative example 1 , since there is little content of Zr, 
the survival rate of Cs after heat treatment is low. Therefore, in the comparative example 1 and 
the comparative example 3, NO purifying rate is low compared with the example. And in the 

comparative example 2, since there is much content of Zr, although the survival rate of Cs 
after heat treatment is high, in order that superfluous Zr may reduce NO absorption power of 

A 

Cs, NO purifying rate is low compared with the example. 

X 

[0029]On the other hand, in each example, since Zr or Si of the suitable range is contained, 
the survival rate of Cs after heat treatment is as high as not less than 76%, and 
evapotranspiration of Cs is deterred. Therefore, NO occlusion ability of Cs is highly 
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maintained also after heat treatment, and, thereby, high NO^ purifying rate Is acquired. 
[0030] 

[Effect of the lnvention]That is, since evapotranspiration of the alkaline metal at the time of an 
elevated temperature is prevented according to the catalyst for emission gas purification and 
exhaust gas purifying method of this invention, NO^ purifying rate high from a low temperature 

region to a pyrosphere is acquired, and it excels in high temperature durability. 



[Translation done.] 
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